). All EYFP ϩ cells were found to also complex process that is initiated by the coordinated express the kappa chain, lambda chain, IgM, IgD, and/or inhibition of Pax5 activity, resulting in the downregulaIgG ( Figure 2F ). Next, we isolated CD19 ϩ spleen cells, tion of CD19, and the synergistic action between infected them with C/EBP␣, and seeded them on stroma C/EBP␣ and PU.1, resulting in the activation of macrosupplemented with cytokines. As shown in Figure 2G , phage-specific genes.
31% of the cells became Mac-1 ϩ 3 days after infection. No phenotypic changes were seen in the control virusinfected EYFP ϩ cells (data not shown). We conclude Results that immunoglobulin-expressing cells derived from the spleen can be reprogrammed although at lower efficienEnforced C/EBP␣ Expression Induces Mac-1 cies than B cell precursors from bone marrow.
Expression in Primary B Cell Precursors
A retroviral approach was used to express myeloid transcription factors in primary B cell precursors. As shown Figure 1A , the vectors encode either GFP or hCD4
Reprogramming of B Cell Precursors In Vivo in
To determine whether a B to M conversion can also be alone ("control virus") or C/EBP␣ together with GFP/ observed in vivo, we isolated B220 ϩ B cell precursors hCD4 ("C/EBP␣ virus"). To obtain B cell progenitors, from a bone marrow pool of CD19 ancestry mice, in-CD19 ϩ cells were purified from the bone marrow of fected two aliquots with either C/EBP␣/hCD4 virus or C57Bl/6J mice using magnetic bead selection, typically with control virus for 6 hr, and injected them into two yielding Ͼ99% CD19 ϩ cells ( Figure 1B control virus-infected cells. When the S17 stromal cells CD19 ϩ and Mac-1 ϩ bone marrow cells (the latter contained both monocytes and granulocytes). As can be plus remaining B cells were washed away, leaving seen in Figures 3F-3H , while the three control fractions strongly adherent macrophages behind, these were expressed all B cell markers tested, including the B cell found to be phagocytic, including those that were EYFP ϩ transcription factor genes EBF, Pax5, and E2A, cells of (inset in Figure 3B ). As expected, control virus-infected fraction 5 showed no expression of the E2A/EBF target cells were negative in this assay. genes RAG1, B29, Mb-1, 5, and V-pre-B nor that of the transcription factors EBF, E2A, and Pax5 (there were Gene Profiling Reveals Loss of Lymphoid Gene trace amounts of Mb-1 and E2A RNA). However, surprisExpression and Upregulation of Macrophageingly, they still expressed significant levels of the IL7-R␣ Specific Genes as well as PU.1 gene (a 2-to 3-fold reduction compared to B cell conTo study the gene expression pattern and functional trols) not seen in the Mac-1 ϩ control fraction (Figure properties of the reprogrammed cells, CD19 ϩ bone mar-3F). They also showed expression of all five monocytic row cells from CD19 ancestry mice were infected with markers tested, in particular M-CSFR, while the neutroeither control virus ( Figure 3C ) or C/EBP␣/hCD4 virus phil markers scored negative except for one, G-CSFR, (Figures 3D and 3E) . Ten days later, cells in the indicated which was weakly expressed ( Figures 3G and 3H ). The gates were sorted to yield control fractions 1-3. In addireprogrammed macrophages in fraction 5 also differed tion, EYFP ϩ hCD4 ϩ cells (gate 4 in Figure 3D ) were gated from the B cell precursors in that they expressed 3-to to reveal the fully reprogrammed CD19 Table S1 at http://www.cell.com/cgi/content/117/5/663/DC1). on to rearrange their kappa or lambda light chains and display IgM on their surfaces. We therefore determined
The reprogrammed macrophages also exhibited kappa chain rearrangements not seen in the control macrowhether the reprogrammed macrophages derived from the B cell precursors of CD19 ancestry mice contain phages ( Figure 3L and data not shown). Three bands were excised, and five distinct VJ rearrangements were the uninfected cell population. As shown in Figure 5B , this result could be confirmed when CD19 ϩ cells were observed among 27 kappa clones tested, two of which were in frame (Supplemental Table S2 Our data indicate that at least 30% of the infectable while PU.1 alone weakly induced Mac-1 expression, and immunoglobulin-expressing splenic B cells can be re-C/EBP␣ had essentially no effect (Figures 5I and 5J) .
programmed by enforced C/EBP␣ expression. We do Although we have not delineated the C/EBP-responsive not think that this observation can be explained by the element in the regulatory region of the Mac-1 gene, our selective outgrowth of a contaminating non-B lineage data are consistent with the notion that the gene is population since ( 
, 1998). enforced expression of C/EBP␣ or C/EBP␤ transcription
We cannot rule out the possibility that the lack of granufactors. We were able to follow cell surface marker locytes observed in the present work is a result of the changes in large cell populations over time ( Figure 7A) culture conditions used, although macrophages were and to correlate them to modulations in the activity of also obtained when GM-CSF and G-CSF were added key transcription factors acting on the promoters of releto the S17 stromal cultures (which produce M-CSF). vant lineage marker genes ( Figure 7B The particular cells used were derived from a 16 Systems). Then, 2 ml aliquots were deposited into a 12-well plate day fetal liver and had been maintained on irradiated S17 cells plus precoated with retronectin (Takara) followed by 2 ml of retrovirus 10 g/ml SCF, 10 g/ml IL-3, and 5 g/ml IL-7 for 5 months. Its supernatant to which polybrene (Sigma) was added (8 g/ml). The lack of exons 4 and 5 was confirmed by PCR. plates were centrifuged for 60 min at 700 ϫ g, followed by 3-6 hr of incubation at 32ЊC. Infected cells were then transferred onto CD19 Promoter Reporter Assay irradiated (3000 rad) S17 stromal cells supplemented with 10 ng/ml
C/EBP␤ versus C/EBP␣ be determined. Another important question that needs to be addressed is why the apparent upregulation of Our data show that C/EBP␤ is capable of reprogramming B cells at similar efficiencies as C/EBP␣
The CD19 
